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I. POISSON Group Programs

1.1 Introduction

The POISSON group programs are a set of computer codes that solve

both electrostatic and magnetostatic problems using a deformable

triangular mesh. This set of codes has been modified to solve

the space-charge flow problem.

The first step in solving a problem using the POISSON codes is to

construct a non-uniform triangulated mesh which represents a

discretization of the problem. The program which generates the

mesh is called LATTICE. LATTICE maps equilateral triangles in

logical space into a non-uniform triangular mesh in real space.

Logical space consists of an array of regular equilateral

triangles composed of three sets of straight lines intersecting

each other at 60 degrees as shown in Fig. 1.1. Each vertex of

a triangle has associated with it a logical coordinate (K,L)

where K is the column order and L is the row order. LATTICE will

assign each (KL) coordinate within the boundary to an (x,y)

coordinate in real space. To illustrate this mapping from

logical space to real space, the logical diagram for two

concentric circles is shown in Fig. 1.2a. For each logical

coordinate on the boundary, a physical coordinate, (x,y) must be

assigned to it. For the concentric circle problem, the logical

coordinates on the boundary are assigned the physical coordinates

of a circle. The process of mesh generation results in

distorting triangle sides in the logical mesh to fit all region
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a) Logical diagram.

b) Relaxed mesh.

Fig 1.2 a) Logic diagram for two concentric circles.
b) Relaxed triangulated mesh.
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boundaries and determining the location of all interior mesh

points. The final result of the mesh generation is shown in Fig.

1.2b. Note that the amount of triangles is conserved from the

transformation from logical space to real space, but they are no

longer equilateral.

1.2 POISSON Group Programs Used to Solve the Electron Flow Problem

The following is a list of programs with descriptions of

their function in solving the space-charge flow problem:

1. AUTOMESH - prepares the input data for LATTICE from

physical geometry data describing the problem. By

defining the physical region boundaries and specifying

the mesh size, AUTOMESH will construct the "logical"

path in the mesh and generate (xy) coordinates on the

boundary for straight lines, arcs of circles and

segments of hyperbolas.

2. LATTICE - generates an irregular triangular mesh from

input data which includes "logical" and physical

coordinates describing the boundary and boundary

conditions.

3. POISSON - solves, by successive point over-relaxation,

Poisson's equation for the scalar potential two-

dimensional problems, calculates the derivatives of the _

-4-
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potential (fields and gradients), calculates the stored

energy and performs harmonic (multipole) analysis of

the potential.

1.3 Units Used In AUTOMESH, LATTICE, and POISSON

All calculations in the POISSON group programs are done in MKS

units only. The user may use units other than MKS for length,

but must appropriately set the scale factor to the correct value.

This will be discussed later.

The following is a list of units used in the program:

length = (meters) or user defined by specifying Con(9)
not equal to 1.0.

current = (ampere)

scalar potential V = (volt)

electric field 9 = (volt/)

induction B = (tesla)

1.4 Format Free Input Routine

The POISSON group codes have a format-free input subroutine,

FREE, which appears in the computer code as follows:

Subroutine FREE (NRAYI,N,RAY2,N2,RAY3,N3)

where RAYI, RAY2, and RAY3 are the array (and/or variable) names

which are to be read in and NI, N2, and N3 are the numbers of

-5- I-- 5 -



values RAYI, RAY2 and RAY3 are to have respectively. The

variable N indicates how may names are to be read in, i.e., for

N=l, then only RAYl(Nl) will be read in.

When the program requires specific data to be read in, or certain

variables to be modified, the following command will be executed:

CALL FREE (N,RAYl,Nl,RAY2,N2,RAY3,N3)

The user will then input the data using a specific format.

Special input characters and their functions are described below:

"+" and "-" indicate the sign of the number (mantissa or
exponent). The "+" sign is optional.

"." The decimal point is required for all
floating point numbers.

"' The signed integer number following the
letter "E" gives the power of ten to which
the previous floating point number is raised.
No blank before or after the "E" is allowed.

"I*"VI Store the number following "I" into the array
location (I). Successive input numbers will
be stored into array locations (I), (1+1),
(1+2), etc.

"R"N Store the previous input number "N" times
into the array locations (I), (1+1), (1+2), '

. through (I+N-1). A blank separating the
previous input number and the "R" is
optional.

"S" Skip the rest of the NI, N2, or N3 values

requested in the call and go on to the next

array or return if the current array is 
the

last array in the argument list.

C" Skip the rest of the Nl, N2 or N3 values

-6-
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requested in the call, set NI, N2 or N3 equal
to the number of values input into the
current array and go on to the next array or
return. When using this feature, be sure
that the Ni, N2 or N3 in the calling
statement is a variable and not a constant.

and "," Blank and comma are the only non-numeric
characters allowed in the input field, and
one of these characters must be used to
separate input values.

Comments may follow the last "S", "C" or required number on any

input line (card).

An example is given below which illustrates most of the features

in the format-free routine. The following is a calling sequence

of FORTRAN statements; A(I) and B(I) are dimensioned arrays and K

is a single variable.

DIMENSION A(5), B(1O0)
N=100
CALL FREE (3,A,5,BNKl)

When the call to FREE is involved, the program requires input

data given either from the terminal or input file. The following

line is typed on the terminal for the above call to FREE:

-3.0,4.0 +5.3E-2 R2 S *20 0.1R10 COMMENTS HERE

Once this line has been read in A,B and K take on the following

values,

A(1)=-3.0
A(2)=4.0
A(3)=0 .0053

-7-
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A(4)=0.0053
9(20) through B(29)=O.1
K=13

and the returned value of N is 10.

1.5 Program Flow Chart of the POISSON Group Proarams

Fig. 1.3 shows the communication between the POISSON group

programs listed in Sec. 1.2.

The boundary generator, AUTOMESH, requires the data file

AUTOMESH.DAT which is created by the user. AUTOMESH will create

the data file LATTICE.DAT, which is read in by LATTICE.

The mesh generator, LATTICE, requires the data file LATTICE.DAT

which is either created by AUTOMESH or the user. LATTICE creates

two files:

1. LATTICE.OUT, contains information on the mesh generation.

2. POISSON.DAT, contains the mesh and boundary

information that is read by POISSON. LATTICE writes

this data file in unformatted output, therefore it

cannot be viewed since it is written in internal

representation (binary).

The Poisson solver, POISSON, requires the data file POISSON.DAT.

POISSON creates the following two files:

1. POISSON.OUT, which is written on unit 90, contains

information on the solution of the electron-flow

problem.

-8-
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MESH7 ! -

DUMP 0 POSOAT

SOLVE THE

PROBLEM

DUMP > 0 POISS7 /~jON .DA

Fig. 1.3 Program Flow Chart of the POISSON Group Program.



2. POSJTIOX.OUT. which is written on unit 91, contains the

trajectory information and is optional.

The plotting program, PLOT, requires the date file POJSSON.DAT

which is read from unit 95.
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II. AUTONISH

The program AUTOMESH finds the path in the logical mesh which

best fit@ the physical boundary. Once AUTOMESH has found this

logical path, the physical coordinates (x,y) are assigned to each

logical point (K,L). This program only determines the logical

coordinates for the physical coordinates on the boundary. The

program, LATTICE, determines the physical location of the logical

coordinates within the boundary. AUTOMESH can be thought of as a

preprocessor for LATTICE.

The algorithm in AUTONESH which constructs the logical mesh from

data describing the boundary of the problem can be visualized as

follows:

1. Plot to scale the physical boundary of the problem.

2. Choose a triangle size for the mesh.

3. Overlay the array of identical triangles onto the
physical boundary and determine the logical path.

This procedure of constructing the logical mesh is shown in Fig.

2.1.

I
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Moverlayn logical mesh
Y Y9 logical path (circles)

____ ___ ph sclrg

11boundary
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R o
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Fig. 2.1 AUTOMESH Coordinate System
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2.1 Input Data For AUTOMESH

The input data for AUTOMESH in read by a "pseudo" namelist

routine. There are three groups of input data for AUTOMESH which

is described below in sections 2.3. 2.4 and 2.5. Data groups 2.4

and 2.5 are repeated for each region. The values of the

variables for the first region are preserved for succeeding

regions until they are changed in the next region.

2.2 Format of the Input

In the original AUTOMESH program, the input data was read in by

the FORTRAN "NAMELIST" routine. Since the HP-1O00 does not

support NAMELIST, the program was rewritten with a "pseudo"

namelist routine. This modified code tries to emulate the

NAMELIST feature as closely as possible. The list of variables

in the NAMELIST specifies those variables which may or may not

have their values defined in the READ statement. Not all

variables of the NAMBLIST need be read in nor must they be in any

order. ."

The very first item to be input is an integer constant which

represents the number of input variables to be read in. The next

item or items are the input variables. Each input variables is

represented by a pair of FORTRAN variables. The first FORTRAN

variable is a character variable which represents the name of the

input variable and the second variable is the numerical value of

the input variable. Since an unformatted READ statement is used

- 13 - ,.
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to read in the pair of variables, the character variable must be

included in single quotes and either a blank or a comma must

exist between each variable.

As an example, say the following three input variables are to be

read in, or changed from their default values: 'NREO=', 'XMIN',

'YMIN='. The following two lines would be typed in the data file

AUTOMESH.DAT:

3

NREG=' 4, 'XMIN=' 2.0, 'YMIN=' 1.0

The integer constant 3 in line one indicates that there are three

input variables to be read in. The FORTRAN variable "NREG" will

be assigned a value of 4 and the FORTRAN variables "XMIN" and

"YMIN" will be equal to 2.0 and 1.0 respectively. Note the use

of blanks and commas in line two. This is required since each

item is a piece of data and must be separated by a blank or comma

when using a unformatted input statement. The data items that

appear in the input file need not appear in any special order and

blanks may be used freely between date items to make the file

easier to read. Also note that the three pair of variables in

line two do not all have to be on the same line since the

execution of an unformatted READ statement is not finished until

all the listed variables are assigned values.

14A
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2.3 Title Line

The first data line can have anything in columns 2 through 80.

For an electron flow problem, column one must be blank. If

column one in non-blank, then this data file is for a SUPERFISH

problem. If column one is blank, then this date file is for a

POISSON problem. SUPBRFISH is a separate program which solves

for resonant modes in cavities. The characters in columns 2

through 80 are stored for run identification in the printed

output.

2.4 Input Variables That Describe The Mesh and Boundary

Conditions

The following is a reference list of input variables that

describe the physical coordinates of the boundary:

NREG, IREG, MAT, CUR, DIN, ITRI, IBOUND, DX, DY, XMIN,

XMAX, YMIN, YMIN, YMAX, NPOINT, IPRINT, XRIG1, XREG2,

YREGI, YRIG2, KRG1, K33G2, KNAX, LREG1, LREG2, LMAX

A complete description of each variable is given below. Default

values are shown in parentheses. If the user desires to use a

default value, then omit the date items from the input file.

'Nag' The number of regions to be read in this run
(input only once in the data file).

'Ing=' The LATTICE region number. The default value is
one for the lot region data group and is

- 15 - 1%9
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incremented by one for succeeding region data
groups.

'NAT=' Material code for the region.

=0, all points inside this region are omitted.
=1, air (mu=l)
=2, iron with internal premeability table
=3, iron with input permeability table no. 1
=4, iron with input permeability table no. 2
=5, iron with input permeability table no. 3

'CUR=' The fixed potential value (volts) on the boundary
(0.0) of the region. For magnetic problems, it is the

total current (amps) in the region.

DIN' The charge density (coloumbs/length**2) in the
(0.0) region.

'ITRI=' Triangle type generated in the region
(0)

=0, equal weight (default)
=1, equilateral
=2, right

'IIOUND=' Region boundary indicator (See LATTICE section for
a more complete description)

= -1, fixed potential Dirichlet boundary condition
= 0, Dirichlet condition on the boundary (magnetic)
= 1, Neumann condition on the boundary

'DX=' The width of the triangles in the logical mesh.

1DX='1 The height of the triangle in the logical mesh.
Default values for ITRI=O, DY:DX*SQRT(3.0)/2.0, or
DY=DX if ITRI=2.

% e
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XNtW. Minimum X value of the problem.
(0.0)

'IMAX=' Maximum X value of the problem.

OYMIN=' Minimum Y value of the problem.
(0.0)

'YMAX=' Maximum Y value of the problem.

'XRBGI=' The width of the triangles in the logical mesh
will be set to approximately 2.0 * DXl for X
values greater than XRKGI.

'XREG2:0 The width of the triangles in the logical mesh
will be set to approximately 2.0 * DXI for X
values greater than XRKG2.

'YRGI=l' The height of the triangles in the logical mesh
will be set to approximately 2.0 * DY = DYI for Y
values greater than YREGI.

'YRKG2=' The height of the triangles in the logical mesh
will be set to approximately 2.0 * DYI for Y
values greater than YREG2.

'KRIGI=' When the "doubling" schemes set up by the XREGn
'KRKG2=' and YREGn variables are not appropriate, regions
'KMAX=' in the logical mesh with different triangle sizes
'LRGI=' may be explicitly defined by inputing the
'L3R02=' variables KRHGn end LRBGn. With these variables,
'LMAX=' one defines a logical mesh number, KREGn and/or

LRHGn, corresponding respecitvely to a physical
distance, XREGn and/or YREGn. For example, if
XRE01 = 1.0 and XMAX = 2.0, KREG = 21 and KMAX =
61, then DXI = 0.05 and DX2 = 0.025.

'NPOINT= ' The number of curve end points describing the
physical boundary of the region. This is the

- 17
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number of data items used to describe the
boundary.

'IPRINT=' If IPRINT = 1, then a special diagnostic printout
(0) is provided in the logical path finding routine.

2.6 Input Variables Describing the Physical Coordinates of the
Boundary

Bach data line gives the coordinate of an end point of a curve on

the physical boundary and specifies the type of curve to be drawn

from the previous point to the current point. Note the first

data line is the starting point of the boundary.

Coordinates for data points may be given as (x,y), (x',y'), (r,

theta) or (r', theta') and may be freely intermixed (see Fig.

2.1). When defining an arc of a circle, the center of the circle

(XO, YO) must be given and the end point of the arc is determined

relative to (XO,YO). An example of an arc is illustrated in Fig.

2.2.

The following is a reference list of input variables that

describe the physical coordinates of the boundary:

NT, XO, YO, X, Y, R, THETA, ICATH

N
- 18-
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Y y

3

2
12 (xO.Yo) 3 4 X

1 2 3 4 5 X

2

tX=' 1. 0, tY=' 2. 0
2

'X-' 2.0, 'Y=' 2. 0
5
NT=' 2, tXO=' 3.0, 'YO=' 2.0, 'X=t 1.0, 'Y=l 0.0

2

'X=' 5.0, 'Y=' 2.0

Fig. 2.2 Example of a partial AUTOMESH file that

describes two straight line segments and

an arc of a circle.

- 19 -
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A complete description of each variable is given below:

9KT:9 Specifies the type of curve to be drawn from the
(1) previous curve endpoint to the current point.

NT = 1, straight line
NT = 2, an arc of a circle,(XO,YO) must be at the
center of the circle.
NT = 3, The hyperbola x'$ y'= (r ** 2)/2.0, branch
in the first quadrant. The input variable "R"
must be set equal to the r in this equation.

"XO=' The displacement of the (x',y') coordinate axes,
IYO=' (0.0) and the center of the circle if "NT" = 2.
(0.0)

9X=9 The (X',Y') coordinates of this curve's end point.
#Y=9 If NT=2, these values are on the new (X',Y') axis.

9R=p The (R',theta') coordinates of this curve end
'THETA=' point.

'NEW=' NEW = 1, the points on the logical path for this
(0) segment are not allowed to coincide with the

logical boundary points of any previous region.

NEW = -1, the points on the logical path for this
segment are not allowed to coincide with the
logical boundary points of any previouys region,
except for the starting and ending points.

'ICATH=' Specifies if this node is to be an emitting node
(0) or not.

=0 Non-emitting node
=1 Emitting node

-20-



2.6 Boundary Condition Data Set-Up by AIJTOMESH

The boundary condition indicators, CON(21) through CON(24)

NISUP, NISLO, NBSRT, NBSLF, are set by AUTOMESH in the

LATTICE.DAT "problem-constant" data as follows:

POISSON Problem:

NBSUP =0
NBSLO = 1
NBSRT = 0
NBSLF = 0

SUPERFISH Problem:

NBSUP = 1
NBSLO =0
NBSRT = 1
NBSLF = 1

The region special boundary indicators, =C(6) in the LATTICE.DAT

data file, are set by AUTOMESH to the following default values:

POISSON Problem:

C(6) = 1, for all regions (Neumann
condition).

SUPERFISH Problem:

CM6 = (1) for all regions

NOTE: These default values for C(6) may be over-written by

inputing "IBOUND" in the AUTOMESH region input data. See Sec.

3.6 of LATTICE for a description of the special region boundary

indicator.

- 21-
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2.7 Sample Input Data for AUTOMBSH.DAT for the Problem "MODGUN"

The first step in using AUTOMESH is to determine the coordinates

of various corner points of the boundary in the z-r plane. The

dimensional diagram of the electrodes for the Pierce gun, MODGUN,

is shown in Fig. 2.3. The boundary of MODGUN with it's corner

points is shown in Fig. 2.4. The next step is to choose a

triangle size for the mesh. This is accomplished by specifying

the input variables DX and DY. Many times it is only necessary

to specify DX and use the default value of DY, but in this

example, MODGUN has some corners which require finer detail than

that given by the default value of DY.

Choosing a proper DX and/or DY is important so that AUTOMESH can

construct a consistent logical mesh. If DX and/or DY is too

large, AUTOMESH will not be able to find a logical path along the

boundary. What usually happens when a poor DX and DY has been

chosen is that AUTOMESH will assign the same logical coordinate

to two different physical coordinates which results in the

program being aborted. When choosing values of DX and DY, a good

rule of thumb is not to use a value much larger than the

smallest difference in "X" and "Y" distances between boundary

corners.

Once DX and DY has been chosen, the data file AUTOMESH.DAT is

created by the user. AUTOMESH.DAT contains the boundary R

information that AUTOMESH needs to construct the logical

coordinates of the boundary. The data file for the MODGUN

- 22-
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problem is shown in Fig. 2.5. Line number one is the title line.

lines two through four are the input variables discussed in Sec.

2.4 and lines five through forty-two are the physical coordinates

discussed in Sec. 2.5.

AUTOMESH creates the data file LATTICE.DAT which is used by the

program LATTICK to construct the mesh. The LATTICE.DAT file for

the problem MODGUN is shown in Fig. 2.6 and the logical diagram

constructed by AUTOMESH is shown in Fig. 2.7.

%.p '
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NOD-I GUN
9
'PNRIG= 1, 'DX' 5.91-2, 'DY=' 4.331-2, 'XMIN=' 0.0,
XMAX' 2.8, 'YNIN:' 0.0, 'YNAX:' 1.22, 'CONY:' 0.0254,
'NPOINT:' 18
3
'X=' 0.0, 'Y=' 0.0, 'ICATH=' 1

2
'X=' 2.7559, 'Y=' 0.0
2
'X' 2.7559, 'Y=' 0.44600
2
'X' 1.10800, 'Y=' 0.44600
2
'X=' 1.00800, 'Y=' 0.50150
2
'X=' 1.00800, 'Y=' 0.53850
2
'X=' 1.55500, 'Y=' 0.79700
2
'X=' 1.55500, 'Y=' 1.20000
2
'X=' 1.03790, 'Y=' 1.20000
2
'X' 1.03790, 'Y=' 0.93500
2
'X=' 1.01400, 'Y=' 0.89170
2
,X=' 0.96400, 'Y=' 0.89170
2
'XW' 0.93890, 'Y=' 0.93500
2
'X=' 0.93890, 'Y=' 1.12900
2
'X=' 0.57290, 'Y=' 1.12900
2
'X=' 0.28890, 'Y=' 0.81300
3
'X=' 0.271058, 'Y=' 0.8020, 'ICATH=' 1
6
'NT=' 2, 'XO=' 1.322, 'YO=' 0.0,'X=' -1.322, 'Y=' 0.0
'ICATH:' 1

Fig. 2.5 AUTOMESH.DAT data file for the MODGUN problem.
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-02S4 Sk I

46 .' : i0? .g .64611-91

41 3 2.7551o .612002t-0l a

47 S 2. 751 .1764"

47 7 :.7516 -267501 0
41 1 :.7?510 .35.'0,' 9

40 i0 2.75116 .40146# a
47 11 2.75516" .44601 1
1 1 I I10103 .4MMI6 a
19 1: 1.60m: .473755 0
18 1: 1.Ow06 .101501 I

IS 13 1.0066 .53104 9

:6 14 1.01117 .601687 a
20 IS 1.14476 .64312l a
2' I5 I. I 034s .624971 6
z: 16 .23112 S64213 6
23 IS 1.21161 .5877S4 S
23 17 1.32709 .6025 6
24 17 1.37297 .7?t634
2S 19 1.4186 .732371 1
256 t .46304 .7S3l2I S
26 isI 1. 0142 .77S463 8
27 ofI .66101 .797004 S
27 29 1.5650 '.200 a
if 29 1.03720 I.2660 I
12 20 1.037W6 I.1556 3
1S 27 1. 03710 1.11167 1
it 261. 837"6 '.66750 I -

if 25 1.037W6 1.02334 9
it 24 1.037"0 .271172 9
19 23 1.037"6 .23506 6
10 2', 1.61493 .621700 1
17 21 .U4026 .#11700 S
17 N? .9381110 .13600 I
1? :7 .1366o 112960 6
10 27 .672902 112100 8
7 21 .351096 .912013 I
6 21 .324401 IS52S14 I
6 'S .26111 .913016 I
IS 72 .271069 .062000 KS 1@ .242764 .763394
4 07 .2I5622 .723811
4 16 . 1 "34, .63294
3 IS .166364 .641873 1(
3 14 .143163 .5916
3 13 .12:926 .51612
3 12 .103S52 .51,73
2 1 OS17949E-01 .46332
2if .696492E-01 .4:3267 0(

2 2 .551457E-9I .377647 k
2 6 .4:3033f-0t .331532
1 7 .31139IIE-41 .284112
2 6 .21667SE-01 .236090
I S .1310'E-41 - IWO":

1 4 .714119M-02 .143336
I 3 .35211:E-0: .15665I S-01 01
1 2 .d12-1113 .476624f-0, K(

1 .60060106 .000001.6 K COuNi

Fig. 2.6 LATTICE.DAT data file produced by
AUTOMESH for the problemi MODGUN
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III. LATTICE (The Mesh Generator)

The program LATTICE generates the non-uniform triangulated mesh

from input data describing the boundary. Input data is read by '

the format-free input routine FREE which is described in Sec.

1.4. The terminology used throughout these notes is as follows:

an "air" region means a vacuum region in which the relative

permeability equals 1.0, and an "iron" region is a region which

contains material for which the relative permeability is a

constant but not equal to 1.0, or defined by a linear function or

a non-linear table.

3.1 Input Data for LATTICE

There are five groups of input data for LATTICE:

1) The first data line (card) can have anything in columns

2 through 80 and these characters are stored for run

identification in the printed output. If column 1 is

blank, then this data is for a POISSON problem. If the

column is non-blank, then this data is for a SUPERFISH

problem. This is shown in Fig. 3.1a.

2) The second data line (or lines) give values for the _

"problem-constants" (CON's). These are general

parameters and options specifying, for example, the

number of regions, the boundary conditions, the type of

magnetic symmetry, etc. An input value for CON(2) is

- 29
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EXAMPLE JATC.DTFL
a) LT1EDTFL

b) 2 21 1 1 0 0 *9 1.0000 *138 4 SKIp

c) 7 0.00 0.0000 00 REGION

1 1 0.0000 0.0000 B
10 1 1.0000 0.0000 9

d) j10 10 1.0000 1.0000 B
1 10 0.0000 1.0000 aL 1i0.0000 0.0000 B COUNT

e) 0.1, 0.0. 0.2, 0.25, 0.3.0.5, 0.4. 0.75. 0.5, 1.1

B(I) ZB(l)

Fi g. 3.1 The five data groups of the LATTICE Input data
file.!) Title line.

V) alues of the "problem- con stan ts", CON's.
cregion- con stan ts*, C(l) array.
dLogical and physical boundary coordinates.
eAxial magnetic field data (optional). __
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is only required, the others all having default values.

The format of this line is illustrated in Fig. 3.1b

and the input list is terminated with the character

3) Data for up to six properties of the region may be

specified in the third group of input data. In the

program, values are stored in the "C" array and these

"region-constants" ("C") specify the following

information:

C(1) The region number (integer). The maximum number

of regions is 30 and they need not be consecutive.

C(2) The material code for the region (integer).

=0 All points inside this region are omitted

from the problem.

=1 air (mu=l)

=2 iron with internal permeability table

=3 iron with input permeability table no. 1

=4 iron with input permeability table no. 2

=5 iron with input permeability table no. 3

C(3) The fixed potential value (volts) on the boundary

of the region for electrostatic problems, and for

magnetostatic problems it is the total current

(amps) in the region.
=0.0 default value (real number)

% %
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C(4) The charge density (Coulombs/length**2) of the

region for electrostatic problems and the current

density (mmps/length**2) of the region for

magnetostatic problems.

=0.0 default value (real number).

C(5) Triangle type to be generated in the region

(integer).

=0 equal weight (default)

=1 equilateral

=2 right

C(6) The region boundary indicator (integer). See

section 3.6 for a detailed description of the

boundary conditions.

=-1 Fixed potential Dirichlet boundary.

= 0 Magnetic Dirichlet condition on the boundary

of this region.

= 1 Neumann condition on the boundary of this

region.

The third group of data, "region-constants", is shown in Fig.

3.1c.

4) The fourth group of input data consists of the following

- 32-
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three items:

1. logical coordinates (K,L) of the boundary.

2. physical location (x,y) of the logical coordinates of
the boundary.

3. node type

The format of this input data in LATTICE.DAT appears as:
K(1) L(1) X(1) Y(1) 8

K(2) L(2) X(2) Y(2) K

K(n) L(n) X(n) Y(n) K Count

The input list is terminated with the character "C" to count . >

the number of input values. Comments may follow this "C" i -

since everything else on this line will be ignored. The

fourth data group is shown in Fig. 3.1d.

Each logical coordinate must include it's node type.

Presently there are three node types which are: boundary,

guard and cathode points.

5) The fifth group consists of axial magnetic field data

(optional). LATTICE accepts values of Bz  measured

experimentally along the z-axis from which off axis values

of B and Br are calculated. .' -.

If the variable NPTS (CON(138)) is greater than zero, then

- 33 -
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the following FORTRAN format free READ statement is

executed:

READ(91,*)(B(I),ZB(I),I=1,NBPTS)

where:

B(I) - value of the magnetic field on the z-axis (in

Tesla)

ZB(I) - z-axis location of the magnetic field B(I).

The fifth group of data, the axial magnetic fields, is shown in

Fig. 3.1e. B(I) and ZB(I) is located on the data line immediately

following the last region and there should be exactly NBPTS

pieces of data for both B(I) and ZB(I). Also note that the

magnetic field data should extend beyond the boundary by a small

amount.

34-
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3.1.1 Multiple Regions

Data groups (3) and (4) are repeated for each region. The first

region defines the entire problem mesh and must contain the

maximum (K,L) values of the mesh. Data for the succeeding

regions redefines, or overwrites the region constants for all

triangles belonging to this new region. Data for each new region

overwrites previously defined values in the same way. This

feature is known as "successive region data overwriting". For

example, suppose that one wishes to specify the cathode at one

voltage and the focus electrode at another. Two additional

regions must now be added that specify the cathode at V1 and the

focus electrode at V2 .

Usually each region is closed, i.e., the data for the first and

last boundary points are identical. It is also possible to

specify data for a "point" region or a "line" region. The

purpose of this would be to define the physical coordinates of

specific points such as fixed potential values along a portion of
%

a boundary. For point and line regions, the input values for

C(2) and C(5) in the "region-constant" data are arbitrary, since

this information is used only for closed regions.

3.2 Specifying Logical Coordinates In Logical Space

For two points in logic space, it is necessary that they be on i-.-,--

the same "logical lines" in logic space. These four lines shown

in Fig. 3.2 are:
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L

Fig. 3.2 Primary "Logic Lines" on a Equilateral
Triangle Logic Mesh -
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I. vertical

2. horizontal

3. slant right

4. slant left

It is only necessary to specify the end points of the logical

line, intermediate points will then be linearly interpolated for

(X). i.(x,y).'

3.3 Mesh Generation Resulting In Negative Areas

In the generation of the mesh, it is possible to have a negative

or zero area triangle. LATTICE computes the area of each

triangle in the mesh, and if any of the areas are negative, a

flag will be set and the program POISSON will not be able to be

executed.

Fig. 3.3a displays a mesh that has some negative area triangles.

It appears that the lower left hand corner has folded over onto

the mesh. LATTICE will warn the user of negative area triangles

by printing the message:

"The triangle of point (K,L) has a negative or zero area"

where the point (KL) is the logical coordinate of the triangle

in logic space.

Usually, the two main probable causes of negative areas are:

-37-
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(a) A mesh with negative area triangles.

(b) Corrected mesh -

Fig. 3.3 (a) An example of a square mesh
that has some negative area
triangles. (b) Corrected square
mesh by specifying the lower left
hand corner at (0.0,0.0)

- 38-



I. physical coordinate (xy) data error

2. too many mesh points defined in a certain area of the

mesh.

For the example of Fig. 3.3a, the cause of the error was case *1.

Instead of the lower left corner being specified at (0.0, 0.0),

it was specified in the center of the mesh, which resulted in the

mesh folding over upon itself. An example of case #2 will be

illustrated in the example of MODGUN in Sec. 3.8.

The following procedure can be used to correct the problem of

negative areas:

1. Determine the approximate physical location (x,y) of

the negative area triangle. This can be determined

from the knowledge of the (K,L) coordinate and the

LATTICE.DAT data file.

2. Using the plotting program, zoom in on the troubled

area of the mesh. ,

3. After examining the problem, determine what changes

must be made to LATTICE.DAT to correct the problem.

As in the example of Fig. 3.3a, moving the lower left hand corner

from the center of the mesh to (0.0, 0.0) corrected the problem. %

This is shown in Fig. 3.3b.
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3.4 Guard Nodes

The physical location (x,y) of each mesh point (or node) within

the boundary of a problem is determined numerically by a

relaxational process. In some instances, the user may want to fix

certain mesh points at a predetermined location (x,y) in the

mesh. The "guard" node is used to fix the (x,y) coordinate of a

node.

The "guard" mesh is a separate region in the LATTICE.DAT file.

The "guard" region should be defined after the entire problem

mesh of the first region has been defined. For "guard" regions,

the input values for C(2)-C(5) in the "region-constant" data are +"

arbitrary and C(6) can either be set to C(6)=0 or 1, but not -1.
dve

An example illustrating the use of "guard" nodes is shown in Fig.

3.4. The "guard" mesh is set up on the X=O.l line. As

mentioned in Sec. 3.2, it is only necessary to specify the end

points of the logical line, intermediate points are linearly .. a

interpolated for (x,y).

% %
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a) Square mesh without "guard" line.

.6004

IIgo

SMIO.gl SOgO 0 O*REBZON

I !O.iHi I . I ON

. 09 .O0 S REGION
S I 0.0 I.00S I COUNT

%

b) Square mesh with "guard" line.

Fig. 3.4 Example of a square mesh with a "guard" line
at x = 0.1. a) LATTICE.DAT data file and
relaxed mesh without the "guard" line.
b) LATTICE.DAT data file and relaxed mesh with
the "guard" line.
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3.5 Cathode Nodes

U

The emitting surface consists of a set of elementary planar

diodes. Near this surface an approximately rectangular mesh is

generated as shown in Fig. 3.5. The spacing "z" of the

rectangular mesh is determined by

z = (a+b) / (FRT*NAC)

where a, a and b are defined in Fig. 3.5. The program parameter

FRT (CON(137)) controls the nearness of the nodes, and the

program parameter MAC (CON(126)) is the number of nodes in front

of the emitting surface.

It has been determined empirically that for curved emitting

surfaces being approximated by a set of planar diodes, two ,-

criteria should simultaneously be

1. "The change in the angle of the line of nodes in the

rectangular mesh from cathode point to cathode point

should be less than 4 degrees".

2. The program parameter FRT which controls the nearness *

of the nodes should be greater than 8.

.'. I .. _

The user must be careful that these two conditions are satisfied

since the potentials deviate substantially from planar diode

theory when they are not close to the emitting surface.
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Fig. 3.5 Approximate rectangular mesh
near the cathode (NAC=4).
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The modes "N" of Fig. 3.5 are the emitting points of the cathode.

They are designated as "K" nodes in the LATTICK.DAT data file.

3.5.1 Horizontal and Vertical "Logic-Line" Cathodes

The program can generate two basic types of cathode mesh in

"logic" space:

1. vertical
2. horizontal

The "horizontal" cathode must be specified on the same horizontal

logic line, i.e., all cathode nodes must be on the same "L" line

in logic space. The NAC nodes associated with the cathode nodes

are assigned from bottom to top on the same "K" line as shown in

Fig. 3.6a. In cylindrical coordinates, a horizontal cathode on

the "z" axis is not allowed since this situation is not

physically possible.

The rules for the "vertical" cathode are less stringent than

those of the "horizontal" cathode. The "vertical" cathode may be

constructed from a vertical, slant right, slant left or a

combination of these primary "logic lines" (see Fig. 3.2). The

NAC nodes associated with the cathode nodes are assigned from

left to right on the same "L" line as shown in Figs. 3.6b, c and

d. 'a

% %

When constructing a "vertical logic-line" cathode, it is

important that each emitting node, "K", has NAC nodes free to the %
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Fig. 3.6 a) Logical space diagram and relaxed triangular mesh
of the horizontal cathode.
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right of it, i.e., no two emitting nodes may be on the same "L"

logic line (or, no two emitting nodes may be on the same "K" line

for a "horizontal logic-line" cathode). The program LATTICE

does not check for this error, and as a result, negative area

mesh will be generated. An example of a "slanted logic-line"

cathode that shares the same logic "L" value for two emitting

points is shown in Fig. 3.7a, and the corrected mesh is shown in '

Fig. 3.7b.

%

%%. -44%

%. % %

. - ... ]

. .5%.

- 49 ._
5/- -. -. '.#

* .5



Lot t

Su'~e L LII.

VU k6* C CVWAAV ... a

IVjV
Ezu(\tthI,

NtW\/N;\1..~ tVV V \/ V \

(a)~\//V\ S\n-ih lgcln ctoeta uae h\gm au

(b) oneced cthod me .

(a)Slnt-igt ogi-ln*cathode thtsharng the same VL value fo tw pins
fo tw cathodeg suhthtecheitignoeha.A

Jt/V ~ V - .



3.5.2 Modifying AUTOMESH Results

The user must be cautioned t)at AUTOMESH will not construct a

cathode "logic-line" according to the rules given in Sec. 3.5.1.

As discussed in Chapter 2, AUTOMESH finds the path in the logical

mesh which best fits the physical boundary. This logical path

found by AUTOMESH will not necessarily cohere to the rules of

Sec. 3.5.1.

Probably the best way to construct a consistent cathode mesh from

the output of AUTOMESH is to put all the cathode "K" nodes on one

primary logic line. As for the example MODGUN of Sec. 2.7, the

cathode could be changed from the "zig-zag" vertical logical

line, to the K=l line. This is shown in Fig. 3.11 of Sec. 3.8.

Another area of concern on the cathode is the last emitting

point. Many times AUTOMESH will put a boundary point on the same

logical line "L" as the last emitting point. As a result, some .

boundary points are lost when the cathode mesh is generated by

LATTICE because the last emitting point did not have NAC free

nodes to the right of it. An example of this type of problem is

shown in Fig. 3.8a. This problem was corrected by changing the

boundary point from logical coordinate (20,2) to (21,1). The "%-,e-.

results of the correction is shown in Fig. 3.8b (Note: Fig. 3.8b

includes a "guard" mesh). _
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Sec. 3.6 Boundary Conditions

There are two ways that boundary conditions are specified in

LATTICE. These two methods, specifying CON(2l)-CON(24) and C(6)

of the "region-constants", are described below.

Sec. 3.6.1 Specifying CON(21)-CON(24)

The four CON's, CON(21), CON(22), CON(23), and CON(24),

determine the boundary conditions on the extreme rectangular

logical boundaries of the problem regardless of the value of C(6)

for a region part of whose boundary coincides with an extreme

rectangular logical boundary. The extreme logical boundaries are:

K=l, and K = KNAX, and L = 1 and L = LNAX. (Note: if C(6) = -1,

then this is not the case). See Sec. 3.7.1b for the description of

these CON's.

Sec. 3.6.2 "Region-Constant" C(6)

C(6), of the "region-constant" C array described in Sec. 3.1, is

used for two purposes:

1) to indicate the boundary condition on a boundary of the

problem which does not coincide with the extreme

logical boundaries (K=l, L=l, K=KMAX, L=LMAX) of the

problem.

2) to indicate special fixed potential points.
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1) When used for purpose 1, C(6) acts as either a Neumann or

Dirichlet boundary indicator:

C(6)=0 Dirichlet condition on the boundary of the

particular region ( magnetic Dirichlet

condition ).

C(6)=1 Neumann condition on the boundary of the

particular region.

The default values for C(6), which are used unless changed by

input data are:

C(6)=l for all regions.

2) When C(6) is used for purpose (2), it is set to -1 and the

fixed potential value is C(3) of the "region-constant" data.

When using feature (2), the region should be either a line or

point region that overwrites a portion of the boundary. C(6)

should never be set to -1 for the first region, which describes

the whole boundary.

When defining the boundary of a problem ( first region ) C(6)

should be set to one, and all Dirichlet boundaries should be

added in succeding regio . .4

Sec. 3.8 gives an example of using both boundary indicators and %

the use of line regions to define fixed potentials along the

.. ,. .
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Sec. 3.7 "Problem-Constant" Array "CON(I)"

The "CON" array, is an array containing integers and real numbers
L

which are general parameters and options specifying the control

of the program. These values are specified or changed from their

default values in the second group of input data for LATTICE (see

Sec. 3.1).

Sec. 3.7.1 describes the CON(I)'s which controls the mesh

generation of LATTICE. Sec. 3.7.2 describes the CON(I)'s that

are associated with the electron-flow (gun) problem.

Sec. 3.7.1 Mesh Generation

This section describes the "problem-constants" that can only be

specified in the LATTICE program. These CON's are general

parameters and options specifying the control of the mesh

generation in LATTICE. Default values are given in parentheses.

3.7.1a Parameters defining the basic problem:

CON(2)=NRRG Number of regions in the
LATTICE data file.

CON(9)=CONV Conversion factor for the
(1.0) units in the LATTICE data

file.
CONY = 1.0 for meters ..

CONV = 0.0254 for inches

-56-
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3.7.1b Boundary Conditions

CON(21 ) NISUP Indicators for the Neumann
(0) boundary conditions on the

CON(22)=NBSLO UPper, LOwer, RighT, and LeFt
(0) logical boundaries of the

CON(23)=NBSRT problem region, e.g., NBSUP=l,
(0) Neumann boundary on the upper

CON(24)=NBSLF logical problem boundary,
(0) NBSUP=O, Dirichlet boundary on

the upper logical problem
boundary.

3.7.1c Printed Output Options:

CON(32)=IPRINT IPRINT=-l, print (x,y)
(0) coordinates of mesh points.

IPRINT=O, nothing

3.7.1d Current Parameter and Options:

CON(70)=ICAL ICALl, use angle formula for
calculating the current
associated with a point (used
when accurate fields near coil
boundaries are needed).
ICAL=O, use normal area
formula.

3.7.le Over Relaxation Factors

CON(79)=RHOXY The starting over-relaxation
(1.6) fsctor for the generation of

the mesh.

CON(81)=NOTI NOTB=O, point relaxation order
(1) is air points, interface

points, then iron points (this
point order must be used for ..

-57-
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PANDIRA).

NOTE=l, point relaxation order
is air and interface points, L

then iron points.

3.7.1f Convergence Criteria

CON(84)=BPSO The convergence criterion for
(1.09-5) the mesh generation.

3.7.11 Conformal Transformation Factors

CON(37)=NAP W=Z**MAP/(MAP*RZERO**(MAP-1))
(1) is the conformal

transformation used, if any. V

Program LATTICE automatically A

transforms the current
density. Program POISSON
transforms the permeability
and calculates fields in both
the original and the
transformed geometrics. -

CON(123)=TNBGC The total negative and
CON(124)=TPOSC positive current in the

transformed geometry (this
equals the total negative and
positive current in the
original geometry).

"%'

CON(125):RZERO The scaling factor if the
(1.0) transformation -

W=Z**MAP/MAP*RZERO**(NAP-1))
is used. Normally
RZERO=ABS(ZO) which equals the
aperture radius.
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Sec. 3.7.2 Space-Charge Flow Parameters

This section describes CON's (125)-(150) which are associated

with the electron-gun problem.

CON(126)=NAC Number of nodes in the
(3) rectangular mesh in front of

the cathode.

CON(127)=SSSF Space-charge suppression factor
(0.2) (used when CBAR<=O)

CON(128)=CGAMMA CBAR modification parameter,
(0.2) or cathode loading convergence

parameter.

CON(129)=FJLIM Maximum current density from
(1110) temperature limited oferation

considerations (amps/m-)

CON(130) =CHILDK Child's Law planar diode
(2.334E-6) constant

CON(131)=VOLTCA Cathode to Anode voltage (this
(0.0) is automatically determined in

%
PO ISSON ).

CON(132)=IGUN Control flag indicating
electron-gun problem.

IGUN=O, not an electron-gun V
problem.

IGUN=l, electron gun problem
(LATTICE will automatically
determine this by the presence
of cathode "K" nodes). S
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CON(133)-BTA Electron charge to mesa ratio.
(1.759311)

CON(135)=MAXDT Maximum number of time steps
(400) allowed in the tracing of each

ray.

CON(136)=NODES Number of emitting nodes of
the cathode (determined in
POISSON).

U 
0a

CON(137)=FRT Parameter which controls the
(8.0) nearness of the rectangular

mesh in front of the cathode.

CON(138)=NBPTS Number of magnetic field
(0) points to be inputed (for

NBPTS=O, no magnetic field
data is read in).

CON(139)=FRDT A multiplication constant in
(0.12) which the time step may be

fractionally adjusted.

CON(140)=MAXCYC Maximum number of major
(20) current cycles to be allowed

to run.

CON(141)=BCBAR CBAR convergence tolerance
(5.OE-3)

CON(142)=PGUESS Initial gum of perveance
(0) (amps/volts ).

CON(143)=MPRINT Printing options for the k'

(1) results of POISSON.(see 4.4.2)

CON(144)=DCBAR The change in CBAR between
major current cycles. This

606
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quantity is calculated in
POISSON, and is compared with
ECBAR to determine
convergence.

CON(145)=CURREN The amount of current emitted
(0) from a temperature limited

cathode.

CON(146)=INCPLT Time step increment for
(1) plotting and printing

trajectories.

CON(147)=ISP Spiral scan limit of the block
(8) type search in the nearest

node routine.V

*PI'
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Sec. 3.8 Sample LATTICE Data File For The Problem MODGUN.

In Sec. 2.7, AUTOMESH created the data file LATTICE.DAT for the

problem MODGUN as shown in Fig. 2.6. A minimum of three

modifications have to be made to LATTICE.DAT before the mesh can

be generated by LATTICE:

1) Set CON(2) and CON(21)-CON(24) to their correct values.

CON(2), which is the number of regions, is set to

three. The three regions are: problem region, cathode

and focus electrode region, and the anode region.

CON(21), CON(22) and CON(23) are set to one since the

axis, the extreme top logical L line (LMAX), and the '.

extreme right logical K line (KMAX) are Neumann

boundaries. -'

2) Change the "zig-zag" vertical logic line to a constant

K:I logic line. The "zig-zag" logic line would have

worked, but for the sake of an example in constructing

a consistent cathode mesh, this modification is

illustrated.

3) Add two additional regions:

1) cathode and focus electrode at 0 volts -"

2) anode at 8000 volts -'

Note that IBOUND:C(6) is set to -1 for these two

regions.

-62 -

% %..IJ

M.-2 1 " ".. ,' ,". " t-" , , . ...,',,..';...e =' -.. , ..",. .



The mesh was generated with these three modifications, and a

negative area mesh occurred at the top edge of the cathode as

shown in Fig. 3.9a. The folding of the mesh occurred due to the

close proximity of the corners and the large nodal density of the

cathode mesh. This problem was corrected by using a "guard" line

as shown in Fig. 3.9b.

The input data file for LATTICE, including the "guard" regions,

is shown in Fig. 3.10 and the logical diagram is shown in Fig.

3.11. The mesh generated for the problem MODGUN is shown in Fig.

3.12.

Note the addition of the two "guard" regions in Fig. 3.11 and

Fig 3.12. These "guard" regions were added to illustrate the

use of a "guard" mesh in a problem.
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owl6 "1- kwl 00661 18 25 1.63790 1.02334 6 I

90602 *2 £ *21 1 1 1 0 99 .0254 SKIP 00062 19 24 1.03790 .979172 B
6663 1 I 0.660 0.6Sees I I RE61ON 66863 is 23 1.63790 .935685 B
90664 1 .9060661.66 .6000066.66 9 06664 1S 21 1.01463 .991766
6666 47 I 2.7S698 .666060+06 9 606S 17 21 .964826 .691766
6666 47 11 2.7S16 .446401 9 6066 17 22 .938906 .93S60S 6
60667 11 11 1.1013 .446"1 06067 17 27 .13960 1.12906 6
6660 1 12 1 .6602 .47375S 6 0666 4 27 .S72902 1.12966 6
666649 19 12 1.6061 .501509 9 046069 1 26 .286910 .6130166
6111610 18 13 1.04001 .638504 a 66676 1 19 .27169S .662666
601011 19 14 1.6511 .159204 1 96071 1 18 .2427S4 .763394 K
66612 20 14 1.6956I .S72963 0 06672 1 7 .21S622 .723619 K1
0013 20 IS 1.13942 .660603 U 66673 1 16 .190341 .683294 K
666014 21 IS 1.18322 .621302 6 06674 I IS .166344 .641673 K
066ls 22 16 1.22702 .642002 00075 i 14 .143663 S599616 K
04011 23 16 1.27388 .66414S a 60076 1 13 .122926 .516562K
0017 23 17 1.32673 .686208 I 06077 1 12 .103562 .512783K
6616 24 17 1.367S9 .70431 a 8076 1I1 IS 6794SE-01 .466332K
00411 2S It 1.41444 .736574 3 06479 1 10 .196S2E-61 .423267K
66626 26 19 1.46134 .752717 1 900 I 9 SS514S7E-01 .377647 K
66621 26 19 1.1615 .774661 B ea0el I I .423633E-61 .331S32 K
666022 27 19 I.51561I .717604 8 60602 1 7 .311391E-01 .294982 K
66623 27 29 1.15501 1.2600 1 06663 1 6 .21667SE-11 .2366S6 K
00624 is 29 1.63796 1. 2600 a 66664 I S .139012E-91 .190022 K
66025 19 26 1.03790 1.15584 3 66665 I 4 .764993E-O2 .143336 K
00,026 10 27 1.03790 1.11167 6 66666 1 3 .352192E-02 .SS661SE-01 K
06627 9s 26 1.03790 1.66756 6 0067 I 2 .92291SE-03 .476624E-01 K
06026 10 21 1.63790 1.02334 166066 I I .66660EfU0 .900066.66 K COUN
06629 i9 24 1.63790 .979172 9 60699 3 I 6606.6660 6.690 0 -1 RE6ION

6636 II231.376 9360"6690 47 11 2.75596 .4466916
0031 10 21 1.61483 .691766 8 See0I91 11I 1.103 .446601 6 0
00032 17 21 .964620 .891706 6 06092 i9 12 1.65662 .4737S5 9
66033 17 22 .930906 .935065 6 00693 Is 12 1.06661 .50)599 6
04034 17 27 .93806 1. 12900 6 60094- II .66 560
60035 A 27 S572962 1.12960 0 66095 is 14 1.05161 .559204 6
66636 1 26 .296910 W18ili 6 66696 26 14 1.69561 .579903 6
0037 1 19 .271G59 .0200 K 64097 26 IS 1.13942 .60663 9
00636 1 is .2427S4 .7633S4 K *60S0 21 IS 1.16322 ViM36 9 r
91039 I 17 .216922 .723619 K @l09s 22 16 1.22762 .642602 6 1
G0046 1 16 . 1 U341 .683294 K M0a6 23 16 1.27368 .66414S S1
6owl I ISr .166344 .641873 K W0ei 23 17 1.32673 .686290 B8
06042 1 14 .143863 S199610 K 66102 24 17 1.367S9 .766431 9 11%

90043 1 13 .122926 .556562 K 06163 25 18 1.41444 .730S74 6 %. *

66044 I 12 .183562 .1)2763 K 0164 26 18 1.46130 .7S2717 a "
66045 1 11 B6S7949E-SI .468332 K o6)65 26 19 1.5091S .77496) 6
09046 1 10 .696492E-01 .423267 K 00106 27 isI1.5556) .797604 B
06047 I 2 S5514S7E-01 .377647 K 00107 27 29 1.55501 1.2000 6 COUNT
86464 1 6 .423033E61 .331532 K "I)66 4 I 6.600 6.6060 1 6 RE6ION a"

6049 1 7 .311391E-01 .264992 K o0les 2 26 6.29759 0.6)301 6

06ast I S .139612E-91 .196922 K 06111 4 20 0.3149606 0.61301 6 COUNTW
6052 I 4 .784993E-92 .143336 K 60112 5 1 6.6060 6.0600 1 6 RE6ION
90653 1 3 .352192E-02 .956619E-01 K 0113 is it 1.10803 0.44660 6
666S4 1 2 .9229166-03 .478624E-01 K 96114 19 9 1.10803 6.322)6 6
6065 I I .600666.+60 .6666666.66 K COUN 66115 i 19 1.10003 6.0000 6 COUNT
60056 2 1 6.6666 6.6000 0 -) REGION 01,16 6 1 6.6000 6.6600 0 6 RE61ON .

60017 10 29 1.037961 1.2000 6 601)7 19 9 1.16063l 0.32219 6
66056 is 26 1.63790 1.15594 9 60lle 47 9 2.75599 0.26760 6 COUNT
60659 IS 27 1.03796 1.11167 9 %
00066 i9 26 1.93796 1.66750 6

Fig. 3.10 Data file LATTICE.DAT for the
problem MODGUN.
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IV. POISSON (Solution of the Space-Charge Flow Problem)

The program POISSON solves, by successive point over-relaxation,

Poisson's equation in two dimensions. This portion of the manual

describes the procedures for solving the space-charge flow

problem. For magnetostatic problems, the user should refer to

the original manual for instructions to solve this type of

problem.

4.1 Input Data for POISSON

There are two groups of input data for the space-charge flow

problem and three groups of input data for the electrostatic

problem:

1) The first group of input data is an integer number,

"NUN", which is the number of the "dump" to be read and

processed by POISSON. For space-charge flow and

electrostatic problems, the dump number 0 (zero)
*. ..,-.

written by LATTICE is to be used ( see Fig. 1.3 of Sec.

1.5 ). Dump numbers greater than zero are written by

POISSON and dumps greater than one are associated with

magnetostatic problems.

2) The second group of input data are the input values for

the "problem-constants", CON's. These input values can

change previously defined CON values read from dump 0,

or specify values which are used only in POISSON and

68-
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were not input in the LATTICE "problem-constant" data.

The format of the second group of input data is read in

by the format free input routine and is described in

Sec. 1.4. This format is exactly the same as data

group (2) of LATTICE.

3) The third group of data is a flag to terminate the

POISSON run and is associated with the electrostatic

and magnetostatic problem. The last data line, -1, is

typed to the terminal to terminate the run.

4.2 POISSON "Problem-Constants" (CON's)

This section describes the CON's which controls the solution of

Poisson's equation. Some CON's apply to magnetostatic problems,

and the user should refer to the original manual.

4.2.1 Description of the CON's

The following sections describe the CON's used in POISSON. The

default values of the CON's are shown in parentheses.

4.2.1. Parameters Defining the Basic Problem

CON(6)=MODE Code for the permeability in iron.
(-2) Mode=-2, mu-infinite in iron

Mode=-l, mu-finite but constant
using
gamma = I. O/mu=CON( 10) =FIXGAM.

Mode=O, mu-finite-variable, using
the internal (B,gamma) table
or a table input by the user.
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COM(7uSTACK Stocking (fill) factor in iron
(1.0) region.

CON(10)=FIXGAN The value of gamma used in a mu-
(0.004) finite but constant solution

(CON(6)=NODH=-l). Also the value
to which gamma is initialized for a
mu-finite-variable solution.

CON(l8)zNPSEN The number of permeability tables
(0) to be read in as data by program

POISSON.

CON(19)=ICYLIN Indicator for cylindrical symmetry
(1) problem.

ICYLIN=l, cylindrical symmetry
(r~z)
ICYLIN=O, two dimensional (x,y)

4-2.1b Boundary Conditions

CON(20)=INPUTA The number of fixed potential
(0) values to be read in as data by

program POISSON.

CON(50)=IRDL During the POISSON iteration, the
(100000) number of cycles between making a

quasi-integral l calculation __

around the Dirichlet boundary.
This sometimes speeds the
convergence, particularly for non-
symmetrical "H" magnets.

4-2-lc Limits, Printed Output and "Dump" Options

4%

CON(30)=MAXCYC Maximum number of iteration cycles.
(100000) _

CON(31)=IPRFQ The cycle print frequency during .%
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(0) (0) the POISSON iteration. The
default value of 0 indicates that
the iteration information will be
printed only on the first and last
cycles. Input values of IPRFQ must
be an integer multiple of
IVERG=CON(87).

CON(32)IPRINT IPRINT=-I, Print (x,y) coordinates
(0) of the mesh points (LATTICE only).

IPRINT=O, nothing
IPRINT=l, Print the vector
potential array when CON(6)=MODE-O.
IPRINT=2, Print the ;B, in iron
triangles.
IPRINT=4, Print the B x,B ) in iron
triangles.
Any combination of these options
may be specified by the sum of
"IPRINT" values.

,,P

CON(35)=NODMP Indicator not to write a "dump" at
(0) the completion of a POISSON

solution.
NODMP=O, Write "dump"
NODMP=l, Do not write "dump"

4.2.1d Edit Options (Fields and Gradients)

CON(38)=XORG The origin ZO in the polynomial
(0.0) expansion for the vector potential.,%..

CON(39)=YORG A (x,y)=re(sum Cn*(Z-ZO)**n], the
(0.0) derivatives of which give the field

and gradient. Note - for
cylindrical symmetry problems,
XORG=O, always.
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CON(42)=KNIN The (K,L) limits of the region in
(1) which the fields and gradients are

CON(43)=KTOP to be calculated at each mesh
(KaAX) point. See CON(54) through CON(57)

CON(44)=LMIN for an alternative scheme of
(1) defining the region in which the

CON(45)=LTOP fields and gradients are to be
(1) calculated.

CON(46)=ITYPR A code specifying the problem
(2) symmetry and determining which "C "

term appears in F(z), and whether
the "C " are real, imaginary, or
complex.

ITYPE=l, No symmetry.
ITYPE=2, Midplane symmetry
ITYPE=3, Elliptical quad aperture
ITYPE=4, Symmetrical quad.
ITYPB=5, Skew elliptical quad
aperture.
ITYPK=6, Symmetrical "H" magnet or
elliptical sextupole aperture.
ITYPE=7, Symmetrical sextupole
ITYPE=8, Elliptical octupole
aperture.
ITYPE=9, Symmetrical octupole.

For all of the above symmetry
codes, except for ITYPB=I, or =5,
field lines are perpendicular to
the x-axis. For ITYP=5, the x-
axis is a field line.

For cylindrical symmetry (vector)
problems:
ITYPE=I, No symmetry
ITYPE:2, Midplane symmetry, r-axis -"
has field lines perpendicular.

For cylindrical symmetry (scalar)
problems,"%
ITYPE=I, No symmetry
ITYPE=2, Midplane symmetry, r-axis .

has V lines perpendicular.
ITYPB=3, Midplane symmetry, r-axis -

is a V=constant line.

CON(47)=W2ND The weight factor for the second
(0.125) nearest neighbors used in 1_ 4

determining the "C in the
n 49
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expansion for A(x,y).

CON(48)=ISKCND Indicator to use second nearest
neighbors in determining the "C "

in the expansion for A(x,y). ,
ISECND=I, Use first and second
neighbors
ISECND=O, Use first neighbors only.

CON(54)=XMIN The (x,y) limits of a grid over
(0.0) which the fields and gradients are

CON(55)=XMAX to be calculated. Delta-x and
(0.0) Delta-y in this grid are specified

CON(56)=YMIN by CON(43)=KTOP and CON(45)=LTOP
(0.0) as follows:

CON(57)=YNAX
(0.0) Dx=(XMAX-XMIN)/(KTOP-1) and %

Dy=(YMAX-YMIN)/(LTOP-l).

4.2.1e Current Parameters and Options .. - -

CON(B)-BDES BDES=:B: at the location
(1.0E15) KBZERO=CON(40), LBZERO=CON(41). If

BDES is not equal to l.OE15, the
current factor, XJFACT=CON(66),
will be adjusted so that :B:=BDES
within a tolerance XJTOL=CON(67).

CON(40)=KBZERO The (K,L) coordinates specifying
(1) the location of BDES for adjusting

CON(41)=LBZKRO the current factor. '.
(I)

CON(49)=NFIL The number of current filaments to
(0) be read in as data by problem

POISSON.

CON(66)=XJFACT The factor by which all current

(1.0) densities (except current
filaments) will be scaled in
program POISSON. XJFACT:O.O,
indicates a scalar potential
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problem (no currents). LATTICE
will automatically set XJFACT=0.0
when IBOUND=-I.

4.2.1f Over Relaxation Factors

CON(74)=RBOPT1 See RHOAIR=CON(75)
(1.90)

CON(75)=RHOAIR The over-relaxation factor in
(1.90) POISSON for air and interface

points (and iron points during a
mu-finite-but constant solution).
This factor is automatically
optimized during the iteration if A
the initial value=RHOPT1-CON(74).

CON(77) =RHOFB The over-relaxation factor in
(1.0) POISSON for iron points during a

mu-finite-variable solution.

CON(78)=RHOGAN The under-relaxation factor in
(0.08) POISSON for gamma during a mu-

finite-variable solution.

CON(80)=ISKIP The number of cycles between
(1) recalculating the gammas during a

mu-finite-variable solution.

4.2.1s Converxence Criteria

CON(85)=EPSILA The convergence criterion for the
(5.01-7) potential solution of air and

interface points (and for iron
points during a mu-finite-but
constant solution).
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CON(86)=EPSILI The convergence criterion for the
(5.01-7) potential solution of iron points

during a mu-finite-variable
solution.

CON(87)=IVERG The number of cycles between making
(10) the convergence tests during the

POISSON iteration. The default
value of 10 should not be altered
when using the option to optimize
the over-relaxation factor
RHOAIR=CON(75).

4.2.1h Parameters for Harmonic Analysis

CON(l10)=NTERM The number of coefficients to be

(5) obtained.

CON(I1)=NPTC The number of equidistant points on
the arc of a circle with it's
center at the origin, at which
points the vector potential is to
be interpolated. Fourier analysis
of the vector potential at these
points yields the harmonic
coefficients. NPTC should be input .,."

equal to (approximately) the number
of mesh points adjacent to the arc.

CON(112)=RINT The radius of the arc for vector
potential interpolation and Fourier .
analysis. HINT should be less
than, by at least one mesh space, -*[
the radius to the nearest
singularity, i.e. the pole or coil.

.
CON(II3)=ANGLE The extent of interpolation arc -

included in the problem-angle in
degrees.

CON(114)=RNORM The aperture radius or other
harmonic coefficient normalization
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radius.

CON(I15)-ANGLZ The angle in degrees from the x-
(0.0) axis to where the integration arc I-

begins.

p
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Sec. 4.2.2 Parameters for Space-Charge Flow

This section describes the CON's which are used in POISSON for

the space-charge flow problem. The description of the CON's for

space-charge flow are described in Sec. 3.7.2.

Sec. 4.2.2a Printing Options for the Results of POISSON

MPRINT (CON(143)), controls the printing options for the results

of POISSON. There are two output files where the results are ,.

printed:
- I-e

1) POISSON.OUT

2) POSITION.OUT . ..

1) "POISSON.OUT" contains the printed output of the CON's,

cathode data, potential at each mesh point, the charge assigned

to each mesh point, current emitted, convergence information,

perveance and total beam current.

MPRINT has three levels that may be specified in order to

retrieve some or all of the above information. These three

levels are: %

MPRINT=l When MPRINT is set to one, the following items 4C

are printed:

1) CON's .,max|

2) Number of iterations for the potential solution to

converge for each current cycle.
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3) Total bean current, perveance and DCBAR for each

current cycle.

MPRINT=2 In addition to the above items, the following

items are printed when MPRINT is set to two:

1) cathode data

2) CBAR and emitted current of each emitting point for

each current cycle.

MPRINT=3 In addition to the above items, the following

items are printed when MPRINT is set to three:

1) the potential at each mesh point for each current

cycle.

2) charge assigned to each mesh point for each current

cycle.

2) "POSITION.OUT" contains the trajectory information of the

electrons when MPRINT is greater than one. Time increment, z(t),

r(t), z-velocity, r-velocity, theta-velocity, perpendicular

velocity and two relativistic gammas are printed at

INCPLT=CON(146) increments. For problems which have a large

amount of time steps, INCPLT should be set accordingly so the

plotting arrays do not overflow. A value of INCPLT=3 is typical

for problems with many time steps.

Two gammas are calculated by Eq. (5.3) and Eq. (5.25) of the

thesis. These two gammas should almost equal each other. If

they do not, energy is not being conserved, and the time step is

probably too large.
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Sec. 4.3 Computation of the Electron Trajectories of MODGUN

In Sec. 3.8, LATTICE created the triangular mesh and created the

data file POISSON.DAT ( dump 0 ) for the problem MODGUN. POISSON

will read in POISSON.DAT and compute the electron trajectories.

Once POISSON has been executed, the program will prompt on the -

screen: - .

INPUT DUMP NUMBER, "#NUM"f

NUM is the "dump" number to be read in, as discussed in Sec. 4.1.

Dump 0 is to be read in by POISSON, therefore the user responds

by typing in 0 and then a return.

POISSON will next ask the user to:

INPUT THE CONS YOU WANT TO CHANGE

As discussed in Sec. 4.1, this is the second group of input data.

At this point the user may want to change some CON's that were -

not specified in LATTICE. For example, to get a full diagnostic

print out, NPRINT is set to three. The following is typed on the

terminal:

*143 3 S

where the format of this line is discussed in Sec. 3.1.

- 79- .

% N N,.. , % %

,f5" e % •%-, ,-,"--



The program will now compute the electron trajectories and write

out the plotting data to dump 1.
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V. PLOT

Sec. 5.1 The Plotting Program PLOT

The program PLOT, plots the mesh, equipotential lines and

electron trajectories. PLOT uses Hewlett Packard's Advanced

Graphics Package (AGP) to perform the plotting.

A minimum of I input line must be provided for PLOT:

1) The first input line gives values for five parameters for

the plot:

"NUM" is the "dump" number to be read. The mesh is written

on dumps "0" and "l", and the equipotential lines and

electron trajectories are written on dump "l".

"ITRI" is a flag whether or not to plot the triangles of the % .

mesh.

ITRI=O, do not plot the triangles

ITRI=l, plot the triangles " r.".

"NPHI" is the number of equipotential lines to be plotted.

The program does not plot the minimum or maximum potential

values which is usually a boundary.

"INAP" is the indicator to read, on the next data card, the

minimum and maximum values (AMIN and AMAX) of the

equipotential lines to be plotted.

- 81 -. % %

0- e4 o-_ .

,%,..-..

k , L' .'.L' .,% _%.,' ._ . ,., '..' . .' - '.- ." .. . " * . '.- ". - .®r. " . . " "•%



INAP-O, do not reed AMIN and AMAX

INAP=I, read AMIN and AMAX on the next input line

The values plotted are between (AMAX-DELTA) and (AMIN+DKLTA)

where

DELTA=(AMAX-AMIN)/(NPHI+l)

"IRAYS" is a flag whether or not to plot the electron

trajectories.

IRAYS=O, do not plot the trajectories

IRAYS=I, plot the trajectories

2) The second input line is optional and gives values for four

parameters for the plot: XMIN, XMAX, YMIN, YMAX.

These four parameters specify the limits for the plot, which

may be any part of the problem. If this data is skipped,

the entire problem will be plotted.

Other options such as sending the plot to the printer and zooming

in on the plot are also available by answering the appropriate

questions prompted by PLOT.

Sec. 5.2 Plotting the Results of MODGUN

The triangular mesh may be plotted after LATTICE has been

executed. The mesh of MODGUN, Fig. 3.12, was plotted by

- 82 .

%% %



specifying the following five parameters:

NUN, ITRI, NPHI, INAP, IRAYS
0 10 0 0S.

The equipotential lines and electron trajectories may be plotted

after POISSON has been executed. For the example problem,

NODGUN, five equipotential lines between 2000.0 and 6000.0 volts,

and the electron trajectories may be plotted by specifying the

following seven parameters:

NUM, ITRI, NPHI, INAP, IRAYS
1 0 511

and

AMIN AMAX
2000.0 6000.0

"J

The plot of the equipotential lines and electron trajectories is

shown in Fig. 5.1.
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